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IMPROVEMENTS IN AND RELATING TO ORGANIC SEMICONDUCTING 



LAYERS 



Trie present invention relates to an organic semiconducting layer formulation, a 
layer cqmpnsing the same, a process for preparing the formulation and layer and 
elecfranjq' devices (including OFETs) comprising the same, 

: In recent years, there has been development of organic semiconducting materials 
In o^der. to produce more versatile, lower cost electronic devices. Such materials find 
application in a wide range of devices or apparatus, including in organic field effect 
traneisfa/s (OFETs), organic light emitting diodes (OLEDs), photodetactors, photovoltaic 
™°f^ ^ ore ' m9mar y e, ^«te. iogta Circuits and as organic photoconductors 
(OPCs) In electrophotographic devices, to name just a few. The organic semiconducting 
materiale'are typically present In the electronic device in the form of a thin layer, e.g less 
. than 1 micron thick - 

Ifentacerie has shown promise as an organic semiconducting material 
Pentaceine though has been described as requiring a highly crystalline structure in order 
to prdv^e a molecular orientation which results in good charge mobility. Thus, peniacene 
thin fSm^ hav© been vapour deposited in the prior art (pentacene. is also rather insoluble 
In common solvents). However, vapou>"depbsi"tion requfres^^^ 
equjpmppt In View of the latter problem, another approach has been to apply a solution 
containing a precursor pentacene and then chemically converting, e.g, by heat, the 
precursor compound into pentacene. However, the latter method is also cdmplex and It Is 
difficult^ control in order to obtain the necessary ordered structure for good charge 
mobility: , 

;?oiubte pentacene compounds have recently been described in fie prior art as 
organic: semiconducting compounds, see for example US 2003/01 167B5 A (Takahashi) 
and US 6.^029 (Anthony) and their use In FETs has been suggested in WO 03/01 6599 
(A$ahi),~ In the latter reference, a solution of the soluble pentacene was deposited on a 
substrate and the solvent evaporated to form a thin film of the pentacene. However, the 
soltfblq pentacenes have been described in US 6,690,029 and WO 03/016599 as still 
requiring a highly crystalline structure In the thin film for acceptable charge mobility, 
especially when used In FETs, which means that the pentacenes must still be carefolly 
deposited. Thus, the prior art is careful not to dilute the pentacene in any way, otherwise 
it woujd be expected to disrupt the crystalline structure of the pentacene and hence 
reduce .charge mobility. 

. Improved charge mobility is one goal of new electronic devices. Another goal Is 
the stability and integrity of the organic semiconductor layer. A way potentially to Improve 
organic; semiconductor layer stability and integrity In devices would be to Include the 
onjanjd semiconducting component in an organic binder resin. However, whenever an 



orgahic sernicondudins) component Is combined with a binder it is effectively "diluted" by 
the binder and a reduction of charge mobility is to be expected. Among other things, 
diluting ap organic semiconductor by mixing with binders disrupts the molecular order in 
the Semiconducting layer. Diluting an organic semiconducting component in the channel 
s of arj Ofrfif for example is particularly problematic as any disruption of the orbital overlap 
betforeeri molecules in the immediate vicinity of the gate insulator (the first few moleouiar 
layers) igiexpeded to reduce mobility. Electrons or holes then are forced to extend their 
patfi iritej the bUlk of the organic semiconductor, which fe undesirable. Certain organic 
semifcorjductin^ material ere expected to be more susceptible than others to the effects of 
10 use; in 4 binder. Since pentacenes have been taught as requiring highly ordered 
structures- for useful charge mobility, It has not previously been considered desirable to 
include petttecenes with binders. In WO 03/030278 (Philips) it was attempted to Use 
binder^ i?ut there It was shown that a gradual reduction of FET mobility occurs when a 
(precursor) pe/rtacene Is mixed with increasing amounts of binder, even with amounts 
is iessKhaji!jS% binder. 

Ctertaln low polarity binder resins are described in WO 02/45 1 84 (Avecle) for use 
with* organic semiconductors In FETs. However, a reduction in charge mobility is still 
ejected when the semiconductor Is diluted in the binder. 

Among the objects of the present invention is to reduce or overcome the 
2 o disadvantages in organic semiconducting layers described abovev 

• Aceortflrig to the present invention there is provided an organic semiconducting 
fay6r formulation, which layer formulation comprises an organic binder* resin and a 
polysome compound of formula A: 
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s • : wherein each of K R* R„ R*. Rs. Re, Rf< «* R». Ri* R « and R <* whIch may be 
the same or different, independently represents hydrogen; an optionally substituted C^C« 
carbyl'V hydrbcarbyl group; an optionally substituted C r C« aitoxy group-, an optionally 
siibstibited GtG* aryloxy group; an optionally substituted CrC* alkylaiyloxy group; an 
opfey substituted alkdxycarbonyl grcup; an optionally sabsmut^ 

a^cartonyl group; a oyano group <-CN); a carbamoyl group (W : a 
h&iof^yl group wherein X represents a halogen atom); a formyi group t- 



thloisbcydriate group; an optionally substituted amino group; a hydroxy Qroup; a halo 
. graUft of 3n optionally substituted sllyl group; 

wherein each pair of R 2 and Rg and/or R H and R<, may be cross-bridged to form a 
(VGto saturated or unsaturated ring, which saturated or unsaturated ring may be 
5 intervened by ah oxygen -atom, a sulphur atom or a group shown by formula: -N(R a )- 
(wh^reirj Rs is a hydrogen atom or an optionally substituted hydrocarbon group), or may 
optkftalty 56- substltuted; 

. yjfitierein one or more of the carbon atoms of the polyacenei skeleton may optionally 
be substituted by a heteroatom "selected from M, P, As, O, S> Se and Te; and 
10 therein -sany two or more of the substituente R^R,* which are bested on adjacent 

ring.fsoslijiohs of the polyacene may, together, optionally constitute a further aromatic ring 
system fusfed to the polyacerie. 

j Preferably, hr2, i.e, the polyacene compound is a pentacene compound. 

More preferably, the pentacene compound is a compound selected from any one 
15 of Ctomppund Groups 1 to 7 wherein: 

CorhpaEJhd Group 1 is re presented bv formula 1: 




20 Formula 1 , 

CofiiDound Group 1 Is repres ented bv formula 2: 




2S Formula 2 

Compfrund Group 1 te represented bv formula 3: 




so Formula 3 



4 

Compound Group 4 b represented bv formula 4: 




Formula 4 



Compound Grouci 5 is represented bv formula 5; 




Formula 5 



Compound G rout) 6 Is represented bv formula 6: 




Formula 6 



Cdmpoiind Group 7 is represented bv formula 7: 




Formula 7 



arid vrfterein, In 4he case of Compound Group 1 R e arid R,* In the case of Compound 
Grouri 2 R$ arid R 14( In the case of Compound Group 3 Rg, R^, Ro and R i0l In 'the case of 
Compjcjund (Sroup 4 R 2 and R 1S . in the case of Compound Group 5 Rg> R !t and R i2 , In 
the c£$e of Compound Group 6 R^ and R9, and in the? case of Compouhd Group 7 R* , 
Rtr Rjd and each Independently represents an optionally substituted carbyl or 
hydrodarbyl gfroup; en optionally substituted C t -C 40 alkoxy group; -an optionally substituted 
Cb-C 4 i,.>ryloxy group; en optionally substituted* C^-Co aikyiaryloxy group; an optionally 
substjtjjted C^C*, elkoxycarbonyl group; an optionally substituted Cf-C^ aryloxy'carboriyl 
grdUF^a oydrio group (-CN); a carbamoyl group (-C^oiNHa); a haloformyl group (-C(ad)- 
)i wri^nefn X represents a halogen atom); a formyl group (-C(=0)-H); art i?ocyano group; 




an fcocy^nate group; a thiocyanate group or a thioteocyanate group; an optionally 
substituted amino group; a hydroxy group; a halo group; or an optionally substituted sllyl 
group; Wherein each pair of and R3 and/or R a and R 10 may be cross-bridged with each 
other to farm a G^C^ saturated or unsaturated ring, which saturated or unsaturated ring 
. 5 may be .intervened by ah oxygen atom, a sulphur atom or a group shown by formula: - 
N(R<i)- (Wherein is a hydrogen atom or a hydrocarbon group), or inay optionally be 
subdtitu^d: 

Ttte-'R" substltuents (i.e. ft* R 2 etc) in Compound Groups 1-7 denote the 
substrtuspte at the positions of pentacene according to conventional nomenclature: 

10 

11 12 13 14 1 

:CCCCQ : 

6 7 8 5 4 

Surprisingly and beneficially, the inventors of the present Invention have found that 
combining the .specified soluble polyacene compounds, especially the. pentacene 

is eompdtfrjds from Compound Groups 1-7, (hereinafter often referred to as "the 
pdlyacehje") vtfth an organic-binder resin (hereinafter sometimes simply called .a Grinder") 
results jri little or no reduction in charge mobility of the polyacene,- even an increase in 
sortie instances. For instance, the soluble polyacene may be dissolved in a binder resin 
(e.g. polystyrene) and deposited (e.g. by spin coating), to form an organic semiconducting 

2Q layer yielding a high chaise mobility/ e.g.. 0.3 cmVVs. This result is particularly 
unexpecjed given that the prior art teaches that for such high mobilities a polyacene 
derivative compound is expected to require strong molecular ordering. Dilution in a binder 
would ^ expected to yield an order of magnitude reduction in mobility. We have found 
thai everi at 1:1 ratio of blndercpolyacene the mobility Is about the same as that of the 

2S pure ppjyacene compound. The result produced by the present Invention is therefore 
surprising for both a) maintaining the mobility despite potential disruption of molecular 
order, »<nd b) maintaining mobility despite the expected increase of Intermolecular 
distance. It is particularly surprising that the size of crystalline grains is reduced upon 
using ^.binder yet the mobility is high. At the- same time, a semiconducting layer formed 

3 o th#refrbm exhibits excellent film forming characteristics and is particularly stable. 

: Once a formulation of high mobility is obtained by combining the polyacene with 
the bidder, the resulting formulation leads to several other advantages. Since the 
poWjnes are soluble they may be deposited in a liquid form. e.g. from solution. With 
the additional use of the binder we have found that the formulation may be coated on a 

3 s lar^e area irj a highly uniform manner. Without the use of binders the polyacene cannot 
be spin coated on large areas as ft does not result in uniform films. In the prior art, spin 
and drop-casting of a pure polyacene layer' may in some cases result lh relatively high 



mobility but it Is difficult to provide a film with a constant mobility over the entire substrate. 
Sec6nd,i jt 3s possible to control the properties of the formulation to adjust to printing 
processes, e.g; viscosity, solid content surface tension. It Is also anticipated that the 
bind^ flife In vqiUrhe between crystalline grains otherwise being void, making the organic 
serftico^cjucting layfef less sensitive to air and moisture. For example, layers formed 
acceding to the present Invention show very goad stability In OFET devices in air v 

, ifte Invention also provides ah organic semiconducting layer which comprises the 
organic semiconducting layer formulation. 

Tijie Invention further provides a process for preparing the organic semiconducting 
layer which comprises (f) depositing on a substrate a liquid layer of a mfacture which 
comprise^ the polyacene compound, the onganlc binder resin or precursor" thereof and 
optionally a solvent, and (ii) forming from the liquid layer a solid layer which is the organic 
seiTflconductinci layer. The process is described in more detail below. 

The invention additionally provides an electronic device comprising the said 
organic, Semiconducting layer. The electronic device may include, without limitation, an 
organfciftefd effect transistor (OFET), organic light emitting diode (OLED), photodetector, 
sensor,, Ipgic circuit, memory element, capacitor or photovoltaic (PV) cell. For example, 
the; actWe semiconductor channel, between the drain and source In an OFET may 
comprise the layer of the invention. As another example, a charge (hote or'eiecff on) 
Injectiofcor trarisport layer in an OLED device may comprise the layer of the invention. 
The organic semiconducting layer may also find use forming at least part of an organic 
ph^fewWuctbr (OPC) in an electrophotographic device. The formulation of the present 
tavfenilQn and layers farmed therefrom have particular utility in OFETs. 

"Certain polyacene compounds have been described in US 2003/0116765 A and 
US : 6,e3P,02& and the melhods disclosed therein for synthesteing the polygenes may be 
employ In the present invention in order to make the polyacene compounds. Methods 
for 1 making the polyacenes are also described In US 3,557,233 (American Cyanamid). 
Alternatively, othsr methods within the skill and knowledge of persons skilled in the art 
may bi iused to synthesize the compounds. 

* the Compound Groups 1-7 are described In more detail now. 



Com pound Gnsup 1 




Formula T 



10 



In pentacene derivatives of Compound ©roup 1, Rg and R 19 are preferably the same 
substifcient as' each other. Preferably, the groups Rg and R, 3 comprise optionally 
sub^Me^ c,-^ carbyl or hydrocarbyl groups. More preferably, the groups R„ and R« 
comprise: optlbnaliy. substituted unsaturated G,-C 4 „ carbyl or hydrocarbyl groups, e.g. 
optionally substituted alkenyl, alkynyl, aryl etc. groups (optionally substituted alkynyl Is a 
preferred group, especially optionally substituted C 2 ethynyl). Preferably, the Ra and I R« 
subsfltufents are w-coniugated with thepentacene ring structure. In pentacene derivatives 
of Compound Group 1 one dr.more of the ring positions on the pentacene other than the 
6 arid If3j posltldns may be substituted but preferably they are unsubstituted, i.e. they are 
* ek by hydrogen. 

Examples of Compound Group 1 compounds are given below: 



II 




Group 1, example 1 
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0-* 
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Or 



<3tt)U|>l. example 2 



Ah example of a compound of Compound Group 1 1n which some of the remaining 
p^itfohs other than the 6,13 positions are also substituted is given below (wherein R tW7 
ate defined below): 



8 




Gwp 1, example 3 



: 

s Compound Group 2 Js represented by formula 2: 



10 
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. . Formula 2 

U, pen^cene Natives of Compound Group 2, R* and R M ana preferably a. _ same 
L2L * each other. . Preferably, the groups R s and Ru comprise optional 
£m£ C ^ftyl or hydrocarbyl groups. More preferably, the groups R 3 and R„ 

suUtufed unsaturated C.C. carbyl 
opt'onSy suLtuted aikenyl. afcynyl. afyl etc. groups (o P «on^ 
S group, especially optionally substituted C, ethynyl). Pnrf M ly, the R. and £ 
^njugatad with the pentacena ring sfructure. In P~^*££ 
or^rhpound Group 2 one or more of the ring positions on the £ £ 
5 and 04 positions may be substituted but preferably they are unsubsmufed, La. they are 
occupied by hydrogen. 

9<ynnofjnd Group 3. 

Cdmpdund <?roup 3 is represented by formula 3:' - 

i 
i 



Formula 3 



Ihi pentecens derivatives of group 3, Ffe and Raare preferably the same substifuent 
as each' other, and Ro and R 10 are preferably the same substituent as each other. 
Pneferapiy, R 2i R 3 . R 8 and R„ are the same substituent as each other. Preferably, the 
groups Ra and R M comprise optionally substituted CrC«, carbyl or hydrocarbyt 

groiips.; Further preferably, the groups R* Rg, R 0 'and R» comprise optionally substituted 
C,-tW carbyl or hydracarbyl groups (especially alkyl> t e.g. mBthyl, ethyl, propyl, butyl, 
peniyi, 'pic, One or more of the ring positions on the pentacene other than the 2, 3, 9 and 
10 positions may be substituted but preferably they are unsubstltuted. Lb. they are 

decuple^ by hydrogen. 

■fixi example of a Compound Group 3 compound Is giyen below: 



Group 3, example 



CfimpdikndGroUD4 



Compound Group 4 is represented by teniiula 4: 

: : ; gcggcc 



Formula 4 



| , In pehtacene derivatives of Compound Group 4, Ra and R& sire preferably the 
sa'me jsjubstiiiisrit as each other. Preferably, the groups R z and R a comprise optionally 
substituted C,^ carbyl or hydrocarbyl groups or halo. In pentacene derivatives of 
Cornpiiind Group 4, one or more of the ring positions on the pentacene other than the 2 
atad aj positions may be substituted but preferably they are unsubstituted, ue. they am 
occupied by hydrogen, 

| ! An example of a Compound Group 4 compound ts given below: 



<3rcxjp 4 -example 




mm 
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formula 5 



; Irj pentacene derivatives of Compound Group 4, R u and R 12 are preferably the 
sam£ sufcjsfitueni as each other, and Rg and R 3 are preferably the same substttueni as 
each otlper. Preferably, R 3l Rj t and R 1E are the same substituent as each other. 
Preferably fc the groups R 2> R a . R 11 and R 12 comprise optionally substituted C*-C«, carbyl or 
hydrocaftiy! groups. Further preferably, the group5 R 2 , R a , Ru and ft l2 comprise 
optkfnallp substituted d-C w cerbyl or hydrocarbyi groups, e.g. methyl, ethyl, propyl, butyl, 
pentyt, $jjc. In pentacene derivatives of Compound Group 5, one or mote of the ring 
position^.on the p&ntacene other than the 2, 3. 11 and 12 positrons may be substituted 
but preferably fhey are unsubstituted, I.e. they are occupied by hydrogen. An example of 
a Compound Group 5 compound is given below: 

l 

Group 6, example 

ppmPOUnd,GroMP$ 

Cornpouind Group 6 is represented by-formula 6: 




Formula 6 



• | In pentacene derivatives of Compound Group 6, Ra and Re are preferably the 
sajfie .substituent as each other. Preferably, the groups R a and R B comprise optionally 
suftstijutecl Ch-Om, carbyl or hydrocarbyl groups. In pentacene derivatives of Compound 
Group! & one or more of the ring positions on the pentacene other than the 2 and 9 
positions may be substituted but preferably they are unsubstituted, I.e. they are occupied 
byhyflfogen. 



tl 

rid jGroup 7 

« 

ComlpcUnd Group 7 is represented by formula 7: 




Formula 7 

In' pentecene derivatives of Compound Group 7, R* and R 14 are preferably ttie 
sarnie siiibstituSnt as each other. R 7 and Ri z are preferably the same subsituent as each 
othe>. preferably. R&, R, 4 , R? and R, a are all the same substltuent as each other. 
Preferably, the grotfps Re, R w , R? and R 12 comprise optionally substituted C^Cju carbyl or 
hydfocsi-jsyl groups. In pentacBne derivatives of Compound Group 7, one or more of the 
ring; portions on the penlacene other than the 5, 14, 7 and 12 positions may be 
substituted but preferably they are unsubstltuted. i.e. they are occupied by hydrogen. 

-; ^referablyrthe-l^ groups-CRi^ etc) in Compound Groups 1-7 are Cm carbyl or 
rTydroca/byl which may optionally be substituted. Preferably the optional substrtuent 
comprises silyi as herein defined below. - , 

' iii the polyacenes of the present Invention (especially Compound Groups 1-7), the 
d.<^ carbyl or hydrocarbyl group may be a saturated or unsaturated acyclic group, or a 
saturate or unsaturated cyclic group. Unsaturated acyclic or cyclic groups are preferred, 
especlaljy alkenyl and alkynyl groups (especially ethynyl). Where the CVC^ carbyl or 
hyd'roc&rbyl group Is acyclic the group may be linear or branched: The C\-C<o carbyl or 
hydroc^fbyl group includes a d-C*, alkyl group, a C^Oi, alkenyl group, a CrC* alkynyl 
group. 4 CarC« 0 allyl group, a GrfW alkyldtenyl group, a CrC 40 polyenyl group, a C^c i9 
aryl gnjujjp, a C^C* atkytaryt group, a arylalkyl group, a C 4 -C« cycloaJkyl group, a 
C^G* oycloaikenyl group, and the like. Preferred among the foregoing groups are a C,- 
CaialkyB group, a C a -C Z9 alkenyl group, a C a -C* alkynyl group, a 0,-0* allyl group, a C 4 . 
CJ alkyidlenyl group, a CrC aryl group and a polyenyl group, respectively; more 
preferred are a C-C-* alkyl group, a QrC i0 alkenyl group, a CVC ^ aroup 
(es^dially ethynyl). a C*C» allyl group, a C 4 -C 1Q alkytdienyl group, a Cy-C« aryl group 
an ^k-C t6 po!yeriylgroup.res^ 

• . Examples of the alkyl group are, without limitation, methyl, ethyl, propyl, n-butyl t 
bOfyi, -dodecanyl. trifluoromethyl. pemuoro-n-butyl, 2,2,2-trifluoroetHyl, bar**. 2- 
plndxye^yi. etc. example* of the alkynyl group are ethynyl and propynL ^amples of 
L a^ group are, without limitation, phenyl. 2-tolyl. 3-tolyl, 4-to.yl, naphthyi. b1phanyl_4- 
4-fiucrophenyl. 3-carborne^xyphenyl. 4.carbometho,ypheny1, etc 




• ' .12 

Exampiejg of the alkoxy group are, without limitation, methoxy, ethoxy, 2-methoxyethoxy v 
t-butibxy,; eta Examples of the aryloxy group are, without limitation, phenoxy, naphthoxy, 
pheriylptjifcnoxy, 4-methylphenoxy, etc- Examples of the amino group are, without 
limi^tlotjii.cJimethylamlno, methylamino, methylphenylarnino, phenyiarnino, stc. 
s In. the polyaoehes of the present invention, the optional substituents on the said 

Ct-Cu) ce^byl or hydrocarbyl groups for etc. preferably are selected fromr sJlyl, sulpho, 
sulphonyl, foirnyl, ammo, imlno, nitrilo, rnercapto. cyano, nitro, halo, C^alkyl, C B . 12 aryl> 
C^alkojcy, hydroxy and/or all chemically possible combinations thereof. More preferable 
arncjng fifiese optional substituents are silyl and C*. 12 aiyl and most preferable Is silyl. 
10 ! tfte slJyl groUp In this specification, which may be optionally substituted, may be 

shown l?y forrriula; -SI(R| 5 )(Rib)(Ri7) 5 wherein each of Fta, ft^and R, 7 , which may be the 
same or different* Independently represents hydrogen, a C r C 4Q alkyl group (preferably C r 
C 4 alkylj^nd most preferably methyl, ethyl, n-propyl or isopnopyl) which may optionally be 
subSHtUfed e,g. with a halogen atom; a Ge-C^ aryl group (preferably phenyl) which may 
15 . optionally be Substituted e.g. with a halogen atom; a C^C^ arylalkyl group which may 
optional!^ be substituted e-g. with a halogen atom; a <VC 4 a alkoxy group which may 
optlbftajly be Substituted e.g. with a halogen atom; or a C tf -C w arylalkyloxy group which 
rnajf optionally be 3substltutede.g. with a halogen atom. Preferably, R i5a R 1fl and are 
each independently selected from optionally sl^^tutecl CT^ alkyl (mor^ preferably- Cm 
2Q and evpn more preferably alkyl, e.g. Isopropyl) and optionally substituted C^c aryl 
(preferably phenyl). 

liii one preferred .embodiment of silyl group, R 15 , R iB and R l7 are preferably the 
same group as Bach other, e.g. the same optionally substituted alkyl group, as in' j 
triis9prppyIsllyK Preferably, In that preferred embodiment, the groups R 1t5 , Ft ie 3nd R 17 are 
25 the sarins optionally substituted Cv» {more preferably Q iM , and even more preferably 6^) ! 
alkyigijtiup. A preferred alkyl group In this case Is isopnopyl, 

% silyi group of formula -StyE^sXRuKftif) as described above te a preferred 
op{ioA$ii substituent for the C r G* D carbyi or hydrocarbyl group eta ■ . - 

I Examples of the silyl group -Si(R 16 KR <e )(R<7) are, without limitation, trirnethylsilyl, 
3 o tri^ykilyl, WjSropylsByl, dimethylethytefiyl, diethylmethylsilyl, dimethylpropylsllyi, 
dInietKyHi5o{3ropytellyl, dipropylmethylsllyl, diisopropylrnethylsilyi, dipropyiethyisilyl, 
difeopropyletpyisiiyl, dlethylteopnopylsllyj, triisopropylsilyl, trimethoxysilyl, triethoxyfellyl, 
tri^hertylsllyl, diphenylisopropylsilyl, dilsopropylphenyteiiyl, diphenylethylsHyl, 
diethyjphenyfeilyl, .diphenylmethylsilyl, triphenokysHyl, dimethylmethofcysllyl, 
35 dtfrtethylpShendxysllyC methylmetboxyphenyK etc For each example In the foregoing list, 
the al&yii aryl or alkoxy group may optionally be substituted. 

Most preferred pentacene compounds of the invention are those of Compound j 
Gtoups 1 afad 2 (especially Compound Group 1), More preferred among Compound 
Grdutfg 1 and 2 are compounds of formula 1 A or 2A (especially formula 1A): j 



A 



i 

13 



R 1 

II 




II 

Formula 1A 



II 




li 

S l . R ' 

Formula 2A 

wherein .each R J is independently selected from a C^ 0 alkyl group, a C^, alkoxy group, a 
CtUe ajkenyl group, C*u alKynyl group, a Ce- 19 aryl or heteroaryl group; Ce-C« aryloxy 

io group,. $rC M alkyteryloxy group, a C3-C40 alkoxycarbonyl group, a Cj-C^ aryloxycaifconyl 
group, dr a sDyl group, each of which may be optionally substituted, or a cyano group {- 
CNJ, ajcarbaitioy] group (-C^O^l-y. a halofrirmyl group (-^OJ-X wherein X represents 
a riaio^n atom), a fdrmyl group (-C( b O)-H), an isocyano group, an Isocyanate group, a 
thiipcy^nate group or a thiolsocyanate group, an optionally substituted amino group, an 

15 imfno group, a' hydroxy group, a halo, a sulpho group, a sulphonyl group a mercapto 
group,! or a nitro group. Preferably, in formulae 1A and 2A, each R' is independently 
selected from Cg. 18 aryl and silyt, which may both optionally be substituted. Preferably in 
for'mul^ 1 A or 2A; at least one R' and most preferably both R' is silyl, wherein the sllyl 
group js preferably defined as above, i.e. a silyl group of formula -SI(R,s)CRie){Ri7)- These 

20 latter Ipghly preferred compounds thus have formulae 1 B and 26: 



14 




10 



15 



20 



R» — SI— Rg 



II 
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Fonmula 2B 

; j^mples of compounds of formulae 1 & and 2B tnoluda, without limitation; 
6,13^bi#rimethyisllylethynyl)pentacene 
6,1 3*ii(triethylsilylBthynyI>peintacene 
6ib-bi^tripropyl5ilylsthynyl)perita(»ne 
e'l^-b^tdlrnetHylethylsllylemynyOpentacen^ 

6.V3-bi^lethylmetttyisHylBthyny1)pentacene 

6 i:6^ls(dimethylpropytellytethynyl)pentacene 

e^V^dimettiyfiBopropylsilytethynyUpentacene 

6 i.3,bfe(dlprdpylmethyl5llylethynyi)pentacen6 

6^34»^ 

6 'i3.bi5<dipropylethylsilytethynyl)peritecene 
613-bli(dIlsdpro P ylethylsi¥Bthynyl)pent a oenB 
ei3-tlis(diethyllsQpropytsiiy1ethynyl)pentacene 
sllS-likwteopropyisilytethynyOpentacBne 
6 13-blfe(trirnemoxysilyte^ynyl)pentaoene 
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6,13-i>is(irietho3^sHylethynyl)p8ntac©ne 
6,l3-jbis(iriphenyJsHyiethyhyl)p©nlacene 
6.13-bls(|iipherjylis6propyisllylethynyl)penlacen& 
6.135li)is(j^isoprapylpheinyl5iiyle1tiyhyl)perrtacen$ 
S B,13^is(cfipherirfethyl5ilylethyny1)pentacene 

6.13- jb1s(;diethylpJienylsilylethynyl)pentacen6 
e^3^fals^ipheliyimethyl9ilylethynyl)pentacene 
6,13iblsitfiphenoxysilylethynyl)pefntacen© 
6,13ibis^ifnethy1melioxysnytetiiyT»yl)pBntacen© 

ic ©,1 3^b^lmathylphenc«cysirylettiyny1)pentacen© 
e.l^bMmethylmethojQfpheifiylethynyOpentawri© 
S.W-blsitrirnethylsilylethynylJperJtacene 
5, l^-bls^th^BllylBthynyOpent^cen© 

5.14- bis(tiipropyisiiyiethynyl)pentecerie 

is S,14^te{iaimetliiylethylsllytethynyl)pentac8ne 
5. 1 4^bte{dlethylmelhylsilytethynyl)pentac©ne 
5 t 1^fe^m©thylpropylsilylethynyOpentacen© 
5ri4'biSj[^nieUiyUBapropyls1tyletbyny()pentacene 
Sil^bl^iprppylmethyfsilytethynyDpehtacene 

2 o 5,l4^^dilaopr6pylmethylsilylethyny!)pBntac©nB 
5J4-b^(kipropylethylB[lylesthyriyl)pentacena 
S.l^bi^jjnsoptepylethytellylethyn^pentecen© 
5,14-bl4bilethylisopropyteilylethynyl)pentac»n8 
5,^4'bi4CtrilOTpi'bpyIsilyleftyriyl)pentac©n6 

2S S.1 4-bi^-WrFi©tboxysilylethynyl)pentacene 
S,14-bi?4&iethdJO/silytetlYyiiyl)penlacene 
5,1^-l^<triph&nyJsUyIethynyl)pantacen© 
5,14-bipidiphenyIfeoprqpylsHylethyrxyOpentaoerie 
5J^bis(diIsopropylphenylBnyleihynyl)pentacene 

30 5,l4^lkj[dlph$riylethylsilylethyny1)pentecene 
S 1 i : 4-blpj((llethyiph'enylsiiylethyriyl)pent0cenB 
§,14-bi^(*ph©nyirnetlTyIsllylethynyl)pent9cen© 
5,1 ! 4-b|sCtriphenaxysilylethynyl)pBntacene 
Si14-b^(dirriethyimethoxysllylethynyi)pentaoene 

35 g.^-bisCdlmethylpheno^ilylethynyOpentacerie 
5,14-l^(^ethylmBthoxyphenylethynyl)p«ritacene 



• ' in one iype of preferred embodiment, R» arid R, to formu.ae 1B and 2B are 
■p^ JL* « each other. e*. the. same * group, as. In the preferred 



16 



examples of 6J3-bis-(tri[sopropyfeiIylethyriyl)pentac&ne and 5,14-bJs- 
{trii^pr^ylsllyl^thynyl)pentacene. In this particular preferred embodiment, Ris, R tfl and 
R 17 are i preferably the same c M0 (preferably C 1p4 and more preferably C v3 ) aikyl group 
whWh may optionally be substituted. Optionally substituted isopropyl is a preferred aikyl 
group for such embodiments. 

Iri some cases It may be desirable to control the solubility of the polyacehe in 
oonimop' organic solvents in order to make devices easier to fabricate. This may have 
advantdgefe In- making en FET for example, where solution coating, say, a dielectric onto 
fhepol^cene layer may have a tendency to dissolve the polyacene. Also* once a device 
is fijffrnf fl f a less soluble polyacerie may have less tendency to "bleed" across organic 
layers. . Iri one preferred Embodiment, In order to control solubility of the pentacene 
derjvatij/es of formulae IB .and 2B above, at least one of R 1£fl R 18 and R 17 contains an 
optionally substituted aryl (preferably phenyl) group. Thus* at least one of R15. R« and -R t r 
may bp : an £>pHona!ly substituted C*. ie aiyl (preferably phenyl) group* an optionally 
sutistitii^ed C<m<> aryloxy (preferably phenoxy) group, an optionally substituted 
aryialky!.C©-0. benzyl) group, or an optionally substituted C e *o arylalkyloxy (e.g. benzyloxy) 
group, in such cases, the remaining groups, if any. among R Wl R 1e and R^ r are preferably 
Quo (more preferably C 1U ) alM groups which, may be optionally substituted. Examples of 
such pf&feffed embddimente of compounds are giVeh below wtth formulae 1G- and- 2G f 
wherelp Ar represents an arykx>ntalnlrig group e.g. art optionally substituted C<mb ^ 
group, fin optionally substituted C Mfl arybxy group, an optionally substituted C fr2D arylalkyl 
group 9fdn optionally substituted Cg. 2 o arylalkyioxy groups. 



Ar 




Formula 1C 




Ar 

I Formula 2C 

5 s * 

4h the formula© 1C and 2C, R 16 and an© preferably the same group as each 
other, j&& art iaopropyj group. Compounds of formula© 1C and 2C are believed to be 
novel £hd are claimed per se. Additionally, many of the other substituted polyacene 
compounds disclosed in this specification for use in the present invention are also 
10 believed to be novel and, as such, are also claimed per se. 

] ' Examples of compounds of Foimulae 1 C and 2C include, without llmjtafian: 

.i ' 

e,- i 3-b|s(trtpheny lsilylethynyOperitacene 

6 { "j 3-bf4(dlphenylisopropylsDy !ethynyl)pentacene 
is 6i i 3-bis{d}lsopropy IphenylsllylethynyJ) pentacene 

6, i 3»bjs(diphenylethylsilylethynyi)pentacenB 

6, i 3-bi4(dJelhy1phenyls»ylethynyl)pentacene 

6, i3-b^(dlphehylmethyteily!ethynyl)perrtacen^ 

6, 1 3-faJ5(trf phencixysilytethy nyljpentacene 
20 6 ( 13-fc»fe(dim^thyIphenoxysllylethynyl)pentacene 

6. 1 3- fcjis(rnethyImethoxyphenyl^i:hyny0pentacBn e 
534-^is(tr1phenyteilylethynyl)pentacene 

5, jl 4-t|i?(d jphanylisopropytei[ylethynyl)pentacene 

5, i4-bi#(dusopf opylphenylsilylethyhyl)pentacene 
25 5^4-tJi^(dlphenylethylsllyIethynyl)pentacene 

6, |*4-b[s(dlBthylphenyls8yJethynyl)pentacene 

5.14- t?i£(eUphetty{meth^^^ 
5 r 14-l?lsCtriphenoxysllylethynyi)peritacene 
5 tf 14-«l?ipffllniethylphenoxysllylethynyl)pentacene 

30 Sj^bistfrtethyimetho^^ 

in one embodiment one or more of the carbon .^toins of the polyacene skeleton 
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may be substituted by a heteroafem selected from N, P, As, O, S, Se and Te t preferably 
NJ Aft. example of such a compound, wherein two of the carbon atoms of the pentecene 
sHeleijcirt have been substituted by N, is given below: 



N 



ii 




R, 5 |i - R| 7 



1-0- 



In one embodiment, any two or more of the substituents R1-R12 which are located 
orf adjacent ring positions of the polyatiene may, together, optionally constitute a further 
aromatic ring system fused to the polyacene* An example is given beidw wherein eaoh 
pair of adjacent substftuents R, and R 2 ; R s and R*; R a and R 9 ; and R i6 arid R n constitute 
a bercppne ring fused to the pentacene: 




IS ; : In a preferred embodiment the semiconducting polyatene has a field effect 
mbbflity, \x t of more than 1U S cmVV 1 , preferably of more than 10" 4 cmVV 1 , more 
preferably of more than 1<T 3 crnVV, still more preferably of more than 10" 2 cmVV 1 
arid mjclst preferably of more than 1-CT 1 om W 1 * 

1 The organic binder resin, which is a polymer, may be referred to herein as the 
2 0 organte* binder or simply the binder 

1 ; Preferred binders are materials of low permittivity, I.e. those having a psimfttlvtty, 
fe, i at j lObO Hz of 3,3 or less. However, binders of higher permittivity may be used. The 
o^artijd bthdgr preferably has a permittivity at 1,000 Hz of less than 3.0, more. preferably 
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2.8,br less. Preferably the organic binder has a permittivity at 1,000 Hz greater than 1.7, 
estfectally a permittivity from 2.0 to 2.8. 

! £n example of a suitable organic binder polystyrene. Further examples are 
given fellow. 

* ;!n tine type pf preferred embodiment, the organic binder is one In which at least 
95*& t nppre preferably at least 98% and especially all of the atoms consist of hydrogen, 
fluoriraj arid cj3rt>on atoms. 

,it is preferred that the binder normally contains conjugated bonds especially 
conjugated double bonds and/of aromatic rings. 

[ The binder should preferably be capabfe of forming a film, more preferably a 
flexible! 1tim. Copolymer of styrene and alpha methyl styrene, for example copolymers of 
styren#n aipte methyl stynene and butadiene may suitably be used. 

; Binders of low permittivity of use in the present Invention have few permanent 
dipolesj which could otherwise lead to raftdom fluctuations in molecular site energies. The 
peiMtp/ity (dielectric constant) can be determined by the ASTM D1S0 test method. 

. ft lis desirable that the permittivity of the binder has little dependence on frequency. 
Thjs tejfypical of non-polar materials. Polymers and/or copolymers can be chosen as the 
binder ;by the permittivity ofrtheir substituent groups. . A liet Allow polarity binders suitable 
for; use) jn the present Invention is given (without limiting to these examples) in Table 1 : 
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Table 1 



typical low frequency 
permittivity 




polypropylene 
polv^pren^ 



polvl4-rhetl1yl-l-pe.rrten6) 



6oly!(tetrafluoroethytene)_ 



bolv(2^net^1 ,3-butadjene) 



Ir-a-a'Kx' tetj^tfluoro-P-xylyleng) 



flavf- ) .1-(2rrh8thvl P mpane)bls(4^ heriyttcarbonate:i 
bo1yfrfo^oh> wl methactvlate) _ 



polv jrchtorosfrferie) 



Dd^.g-dH-nethvl-l .4-phenylene efrjerj 
ppiylBOPutylerie _ — _ 



• • other polymers suitable as binders include poJy^methylstyrene) poly (1.3- 
h ^d. a «Tor S^ne, Copolymers containing tine repeat units of the above 
-S2 S - blndall Copolymers offer the possibility of Improving 
polymers are aiso buhhw h moron0 | ogy grid/or the glass transition 

comp#>i.ity with the poly acene moving ^~id that in the above table 
temperature of the final layer composition. It win oe appreciates 
ceSrnaterials am soluble in commonly used solvents for preparing the layer. In 

2Tw«* « * *» P- » •» add some more pdar mourner comp^ente » fcng 
as overall composition remains low In polarity. 
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Table 2 



Binder 


'typical low frequency 
peitnttfivtty (e) 




2.6. 




2.3 


. flijiorirjsted ejthytene/pnopylene copolymer 


2-^5 


P.p;lystyreri6-^-^u-methylstyrene 


2.5-2.6 


i eihyieijue/'ethyl acryiate copolymer 


2.8. 


pply(4synene/1 0%bu.tadlene) 


2,6 


pijly(^yrene/1 5%butadiene) 


2.6 


pbWs , (yrene/24. dlm&thylstyrene) 


2.5 



Other copolymers may Include branched, or non-branched polystyrene-block- 
polybut^fllene, polystyrene-block(polyethylene-PEin-buiylene)-block-poly5tyrene, 
polysiy^e-blbGk-polybutadiene-*lock-polystyrene, polystyrene-(ethyleiie-propylene)- 
dibtpck-pop olyrrhgr s (e.g. KR ATON1P-C5 1 701 E, Shell). poly(propylsne-co-ethylene) and 
polyfctjjrjsne-wmetty^ ~ 

irhe organic binder Itself may be a semiconductor, where it will be referred to 
herein as a semiconducting binder. The semiconducting binder is still preferably a binder 
of low ^ermitttvrty as herein defined. The semiconducting binder preferably has a number 
av^teg&mblecular weight (M n ) of at least 2000, more preferably at least 3000, even more 
preferably at least 4000 and most preferably at least 5000. The semiconducting binder 
preferably has a charge carrier mobility, u, of at least 1Q- S cm"/V.s, mora preferably at least 
10-WAf.s. 

; A preferred class of semiconducting binder has repeat units of a formula a 



I -fAr— N-Ar^ 

.'' Formula 8 

i 

wherein Ar\ Ar 2 and Ar 3 . which may be the sam B or different, each represent, 
independently if In different repeat units, an optionally substituted aromatic group 
(mononuclear or polynuclear) and In the resin n is en integer of at least 5. preferably at 
least i o. more preferably at least 15 and most preferably at least 20, In the context of Ar , ■ 
•Ar* and Ar» a mononuclear aromatic group has only one aromatic rtrig, for example 
pbenyl.or phenylene. A polynuclear aromatic group has two or more aromatic rings 
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may jbe.f Used (for example napthyl or naphthylene), Individually covalently linked (for 
example blphenyl) and/or a combination of both fused and individually linked aromatic 
rltij& Preferably each Ar\ Ar 2 and Ar 5 is an aromatic group which Is substantially 
canjipgafed over substantially the whole group. 

; Preferred classes of semiconducting binders are those containing! substantially 
conliigajed repeat units. The semiconducting polymer may be a hamopolymer or 
copolyrrter {including a btook-copolymer) of the general formula 9: 

' A^B^.X^ Formulas 

where A, B,.. M Z each represent a monomer unit and <c), (d) r ...(z) £3ch represent 
the Jbicffpri of the respective monomer unit In Hie polymer, i.e. each (c), (d),..,(z) is a 
vallfe frpin 0 to 1 and tne toial of (c) + (d) +...+ fc) » 1. Examples of monomer unite A, 
B,.,jZ irjotude urilte of formula S and formulae 1 0-1 S given below. 

i 




Formula 10 



.where R1 and R2 may be Independently H; optionally substituted alkyl; alkoxy; 
thicialkyl} acyl; optionally substituted aryl; a fluorine atom; a cyano group; a nltra group; an 
optionally substituted secondary or tertiary alkytemlne or arylsmlne -N(R a )tR b ) > where R a 
aniji Rjj =may each be independently represented by H, alkyl t substituted alkyl f eryl, 
substitti|ed aryi, alkoxy or polyalkoxy groups; or ottier substituent and * Is any terminal ar 
en& capping group Including hydrogen {the alkyl and aryl groups may be optionally 
flUfirtn^ted); 




Formula 11 



in' which X may be Se, Te or preferably O, S or -N(RH where R represents H, alkyl/ 
Substituted silfcyl T aryl-, or substituted arytRI and are as for formula 101 
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10 



15 




I 



Formula 12 



In Whicrt X is as for formula 1 1 . and R1 and R2 are as for formula 10; 

R1. JR2 R2 



i 



Formula 13 



In itfW<?h X is as tor formula" ^i; R1. R2 ere as' for formula- 10J- and 2 P&prssents., 
«ti>-V-h -N-N-. (R')-N-, -N^FL')-, T, and T 2 rndependently 

present -H, CK F 9 -ON or a lower alky!, R' represents -H, alkyl, substituted alkyl, aryi, 
or Substituted aryl; 
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Formula 14 
w^ierei Ri and R2 are as for formula 10; 
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R3 R4 



Formula 15 



! 
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where Fh fc R4 may be independently selected from the same list of groups as for R1 and 
R2iriforhnuIa10 ; 

j liii.th© case of polymeric formulae herein, such as formulae 6-15, the polymers 
mayibe terminated by any terminal group, La. any end-capping or leaving group, including 
hydrpgep. 

Id* the c&se of a block-copofymer, each monomer A, B,...Z may be* a conjugated 
oligomer or polymer comprising A number, tor example 2 to 50, of the unite of formulae 
1{Mj5, the semiconducting binder preferably Includes arylarnlne, fluoreiie;, thiophene, 
spirb bjfiuorene and/or optionally substituted aryl (e.g. phenytene) groups more 
preferably aiylaminei still more preferably triarylamine. The aforementioned groups may 
be 'linkefi by further conjugating groups e.g. vlnyiene. Additionally preferably the 
semiconducting binder comprises a polymer (either a homo-polymer or copolymer, 
including- block^copolymer) containing one or more of the aforementioned erylarnfne, 
fluoren^ithfophene and/or optionally substituted aiyl groups. A preferred semiconducting 
binder comprises a homo-polymer or copolymer (Including block-copolynter) containing 
arylamme (preferably triarylamine) and/or fluorene units. Another preferred 
sernjconiiuGtlng' binder comprises _ a homo^plyrner or co-polymer (Including block- 
copdlyijier) containing fluorene and/or thiophene units. 

j tfhe semiconducting binder may also contain carbazote, stilbene repeat unite- For 
exaftipte tfcrfyvinylcarbazole or polystilbene polymers, copolymers may be used. The 
serftlcohdudirig binder may optionally contain poiyacene segments (e.g. repeat unite as 
fornriutej A above) to improve compatibility with the soluble polyacene molecules. 

■For application of the semiconducting layer of the invention In p-channel FETs, it is 
desiratjlfe that the binder should have a higher ionisatfon potential then the polyacene 
semiconductor, otherwise the binder may form hols traps, in n-channei materials the 
Emfderjsihould Have lower electron affinity than the n-type semiconductor to avoid electron 
tejjplng. 

;the formulation according to the invention may be prepared by a process which 
corhprjSes firgK mixing both the polyacehe compound and the organic blhder, preferably 
the rrtljcjng comprises mixing the two components together In a solvent or solvent mixture. 
1Y$ s<pivdnt may be a single solvent or the polyacene compound and the organic binder 
m^y ^ach be dissolved in a separate solvent followed by mixing the two resultant 
soJutlcins fo mix the compounds. The solvent(s) containing the polyacene compound and 
tft£ aqjarite binder may then be applied to a substrate, The solvents) 'may be evaporated 
to.'fonfrthe layer of trie invention. 

, ; The binder may be formed in situ by mixing or dissolving the polyacene In a 
precuf£or of the binder, for example a liquid rtionomer, oligomer or crossifnkable polymer, 
o^tlon^liy in the presence of a solvent, and depositing, the mixture orsolutibn* for example 
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by dipping, spraying, painting or printing it, on a substrate to form a liquid layer and then 
curing" thejliquid monomer, oligomer or crossllnkable polymer, for example by exposure to 
radiation; heat or electron beams, to produce a solid layer. 

! If .a preformed binder is used ft may be dissolved together with the polyacene in a 

s suitable solvent, and the solution deposited for example by dipping, spraying, painting or 
prtntlkg li on a substrate to farm a liquid layer and then removing the solvent to leave a 
solld j (ay#. Suitable solvents are chosen from those classes which are a good solvent for 
both .'the ipinder and pdlyacene, and which upon evaporation from the solution blend give 
a coherent defect free layer. Suitable solvents for the binder or pdlyacene carl b© 

10 "determined by preparing a oontour diagram for the material as described in ASTM 
Wiethbd b 3132 at the concentration at which the mixture will be employed. The material 
Is added, to a wide vaifety of solvents as described in fife ASTM method, Examples of 
organic solvents- which may be considered are: CH3.CI2, CHCl a , monochlorobenzene, o- 
dlchibrobanzene, tetrahydrofuran, anisole, morphollne. toluene, o-xyiene, hvxylene, p- 

is xylene, ' 't.'tvdioxane, acetone, methylethylketone, 1,2-dichloroethane, 1.1,1- 
trtohibrofeihane, l,1A2-tetrachloroethane, ethyl acetate, rnbutyl acetate, 
dimethyjformamlda, dimethylaoetamlde, dimethylsulfoxlde, tetralin, decalin and/or 
mixture^ Jhereof. After the appropriate mixing and ageing, solutions are evaluated as one 
of the fallowing categories: complete solution, Borderline "solution- or irisolubler The- 

20 conjburiline Is drawn to outline the solubility parameter-hydrogen bonding limits dividing 
soldbility; and insdlubllity. 'Complete' solvents falling within the solubility area can be 
choken:from literature values such as published in "Crowley, J.D., Teague. <3,S. Jr and 
Lowe. J.W. Jr., Journal of Paint Technology, 38, No 496, 296 <1966>". Solvent blends 
may alio be used and can be identified as described Jn "Solvents, W.H.BItis, Federation 

25 of ?odeJle$ far Coatings Technology. p9-l0, 1986". Such a procedure may lead to a 
bleihd 4l! 'non' solvents that will dissolve both the binder and polyacene, although it is 
de^iriabJe to have at least one true solvent in a blend. 

The propdrtidns of the binder to the polyacene In the formulation or layer 
according to the present Invention are typically 20:1 to 1:20, preferably 10:1 to 1:10 more 

30 preferably 5:1 to 1:5, still more preferably 3:1 to 1:3 and most preferably 2:1 to 1:2 (e.g. 
about i 11). Surprisingly and beneficially, dilution of the polyacene in the binder has been 
totlhd to have little or no effect on the charge mobility, In contrast to what would have 
been expected from the prior art 

' ' It is desirable to generate small structures in modem microelectronics to reduce 

3$ cost (more devices/unit area), and power consumption. Patterning of the layer of the 
invention may be carried out by photolithography or electron beam lithography. 

i Liquid coating of organic electronic devices such as field effect transistors Is more 
desirable than vacuum deposition techniques. The polyacene and binder mixtures irtto 

- p^lrivantlon-enable the use of a number of liquid coating techniques. The oman,c 
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serriictariguctor layer may be Incorporated into the final device structure by, for example 
and wffljdut Fimitation, dip coating, spin coating, Ink jet printing, letterpress printing, 
screen printing, doctor blade coating; roller printing, reverses-oiler printing; offset 
lithograp/ty printing, flexognaphic printing, web printing, spray coating, brush coating or 
pad printing. 

; fleeted polyacene and binder compositions of the present Invention may be 
appljed .to prefabricated device substrates by ink jet printing or rnlcrodlspensing. 
Preferably industrial piezoelectric print heads such as but not limited to those supplied by 
Apricn* Hltachi^Koki, InkJet Technology, On Target Technology, Picojet, Spectra, Trident, 
Xaaf mgy be used to apply the organic semiconductor layer to a substrate. Additionally 
semWndusfHal heads such as those manufactured by Brother. Epson, Konica, Seiko 
Instruments Toshiba TEC or single nozzle microdfspensers such as those produced by 
Mfei^n^and IVUcrofeh may be used. 

1 l/fl order to be applied by Ink jeJ printing or microdispensing, polyacene and binder 
compositions must first be dissolved In a suitable solvent Solvents must fulfil the 
reqwlrerh&nts stated above and must not have any detrimental effect on the chosen print 
head. Additionally, solvents should have boiling points >100°C S preferably >140*C and 
more preferably HSCFC In- order- to prevent. operabifity_prabJM^ 
dryiftg dut Inside the print head. Suitable solvents include substituted and non-substituted 
xylejne derivatives, dl-Ct^-alkyl fomnamide, substituted and non-substituted anisoles and 
othdr phenol-ether derivatives, substituted heterocycles such as substituted pyridines, 
pyr&zines, pyrlmidines, pyrrolldinonss, substituted and non-substituted NysMt-C,*- 
alkyianl)ihes and other fluorinated or chlorinated ararnatics. 

A preferred solvent for depositing the binder/poly&cen© formulation by ink jet 
printing comprises a benzene derivative which has a berizene ring substituted by one or 
rndfe sijbSfituehts wherein the total number of carbon atoms among the one or more 
sutj?t*tyents Is at least three^ For example, the benzene derivative may be substituted 
with a propyl group or three methyl groups, in either case there being at least three 
oaijbon. items in total. Such a solvent enables an Ink jet fluid to be formed comprising thd 
aoivtenf frith the binder and polyacene which reduces or prevents clogging of the jets and 
separation of the components during spraying. The solvents) may include those 
sefectft} front the following list of examples: dodecylbenzene; 1-Methyl-4-tert~ 
butyib^ihzenei Terpineol ; Llmonene; Isodurene ; Terplnolene ; Cymene ; Diethyibenzene. 
This s^nt may be a solvent mixture, I.e. a combination of two or mon* solvents* each 
softer*! preferably having a bofftng point >100»C, more preferably >140°a Such 
soWerjtfe) alsd enhance film formation In the layer deposited and reduce defects In the 
layer, . 

j The Ink Jet fluid (Le. mixture of solvent, binder and polyacene) preferably has a 
" vitoity at 20°C of 1-100rnPa.s, more preferably 1-50mPa-s and .most preferably 1- 
36rnFja.s 
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■ The use of the binder in the present Invention also allows the viscosity of tKe 
coatiHg dqlutlon to be tuned to meet the requirements of the particular print Head. 

. The semiconducting layer of the present invention is typically at most 1 micron 
(=1jifh) thick, although it may be thicker if required, The exact thlcKhesS of the layer will 
dfepelnd, ,fbr example, upon the requirements of the electronic device In which the layer is 
u$e4< For use Ire en OFET or OLED, the layer thickness may typically be 500 nrn or less. 

in* the semiconducting layer of the present invention thens may be used two or 
more different polyacene compounds of formula 1. Additionally or alternatively, tn the 
semiconducting layer there may be used two or more organic binder resins #f the present 
Invention* 

: A$ mentioned above, the invention further provides a process for preparing the 
organic semiconducting layer which comprises (f) depositing on a substrate a liquid layer 
of a mixture which comprises the polyacene compound* the organic binder resin or. 
predjursipt thfereof and optionally a solvent, end (H) forming from the liquid layer a solid 
layer Which is the organic semiconducting layer, 

Ih the process, the solid layer may be formed by evaporation of the solvent and/or 
by fleactfpfl the binder nesin precursor (If present) to form the binder resin in $itu< The 
-subkra^ maHnclude- ariy-underiying-devlce layer, -electrode -or_separate_ Substrate such 
as Sjiilcor| wafer or polymer substrate for example. 

: in one particular embodiment of tine present Invention, the binder may be 
alighabfe, s.g- dapable of forming 'a liquid crystalline phase. In that case the binder may 
assjst alignment of the polyacene, e.g, such that the polyacene backbone is preferentially 
allgrtedialohg the direction of charge transport. Suitable processes for aligning the binder 
Include ; these processes used to align polymeric organic semiconductors such as 
des£ribfed in WO 03/007397 (Plastic Logic). 

; Yhe present invention also provides the use of the semiconducting formulation or 
layir in an electronic device. The formulation may be used as a high mobility 
semiconducting material in various devices and apparatus. The formulation may be used, 
for 'example, in the form of a semiconducting layer or film. Accordingly, in ahother aspect, 
the! present Invention provides a semiconducting layer for use in an electronic device, the 
iaykr comprising the formulation according to the Invention. The layer or film may be less 
thqn a^ut thirty micfons. For various electronic device applications, the thickness may be 
[ess ttjan abSut one micron thick. The layer may be deposited, e.g. on a part of an 
eidctrrjrjic device, by any of the aforementioned solution coating or printing techniques. 

. .the formulation may be used, e.g. as a layer or film, in a field effect transistor 
(FED <sLg. as the semiconducting channel* organic light emitting diode (OLED) e.g. as a 
hole q'r electton injection or transport layer or electroluminescent layer, photodetector, 
chemical detector, photovoltaic cell (PVs), capacitor sensor, logic circuit, display, 
mpmcjry device and fce like, The formulation may *lso J* used A. electrophotographic 
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(BP) apparatus, e.g. In the organic photoconductor. The formulation Is preferably solution 
coatejd tfform a layer or film In the aforementioned devices or apparatus to provide 
advantages in cost and veisatillty of manufacture. The improved charge carrier mobility 
of the formulation of the present invention enables such devices or apparatus to operate 
faster arjdfor more efficiently. The formulation and layer of the present Invention are 
especially* suitable for use In an OFET as the semiconducting channel. Accordingly, the 
invention" also provides an organic field effect transistor (OFET) comprising a source 
electrode, a drain electrode and an organic semiconducting channel connecting the 
source and drain electrodes, wherein the organic semiconducting channel comprises a 
layef according to the present invention. Other features of the OFET are well known to 

those' skjlied in the art. 

' s ora e definitions and explanations of terms used herein are now given. 

\Mieh in the formulae herein there is a list of labels <e.g. R„ etc) or indices 
(e g- *rf) Which are said to represent a list of groups or numerical values, and these are 
said'to be -independent in each case" this indicates each label and/or index can represent 
anylof those groups listed Independently from each other, independently within each 
repeat unit, independently within each Formula and/or independently on each group 
which is substituted as appropriate. Thus, in each of these instances, many different 
groups might be represented by a single label (e.g. R B )- 

! the terms 'substituent', 'substituted', 'optional substituenf and/or 'optionally 
sub^tuted' as used herein (unless followed by a list of other substituents) signifies at 
least one of the following groups (or substitution by these groups): silyl, sulpho, sulphonyl,, 
tormyl, amino, Imino. nltrilo, mereepto, cyano, nitro. halo, Cwalkyl, C M2 aryl, C M alkoxy< 
hydroxy andtor combinations thereof These optional groups may comprise all chemically 
possible combinations in the same group and/or a plurality (preferably two) of the 
aforementioned- groups amino and sulphonyl ff directly attached to each ofoer 
represent a sulpharnoyl radical). Preferred optional substituents comprise: C w alkyl; 
method and/or ethoxy (any of these optionally substituted by at least one halo); ammo 
(opkonally substituted by at least one methyl and/or ethyl); end/or halo. 

! The term 'carbyl group' as used herein denotes any monovalent or multivalent 
organic radical moiety which .comprises at least one carbon atom either without any nort- 
JL atoms (e-g. or optionally combined with at least one other nmptan 

1" ^Ctrgroup'. ,ydrocarby, or the -ike may beused he£n 
- v-ffJnLbb A hydrocarbon group may be optionally substituted. A hydrocarbon 
JEWo^— one of the following heteroatom containing moteties: oxy, 

i tu« f^wwa 'fliwr 'arvl' etc as used herein may d© reaawy ,e H ,GUWl 
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alkyline, ^rylenev etc.). 

• Tfte terni 'halo' as used herein signifies fluoro, chloro, bromo and iodo. 

! IMess the (Context dearly indicates otherwise, a group herein which comprises a 
chalri of three or more carbon atoms signifies a group in Which the chain wholly or in part 
may be linear, branched and/or form a ring (including spiro and/or fused rings). 

• UHess the context clearly indicates otherwise, as used herein plural forms of the 
terms herein are to be construed as Including the singular form and vice versa. 

: Throughout the description and claims of this specification, the words "comprise" 
and ^niaih" add variations of the words, for example "comprising" and "comprises*, 
mean' "Irjoludlna but not limited to", and are not Intended to (and do not) exclude other 
comjx)ne^ts. 

i Ifi Will be appreciated that variations to the foregoing embodiments of the invention 
can |ie made while stili falling within the scope of the invention. Each feature disclosed in 
tills ispefclfibatibn, unless stated otherwise, may be replaced by alternative features 
servjhg jthe same, equivalent or similar purpose, Thus,, unless stated otherwise, each 
feature disclosed is one example only of a generic series of equivalent or similar features. 

j AM of ifte features disclosed in this specification may be combined In any 
complna^OT,-except-combinatforis where at leastsome of. such :features_arid^OT steps are 
mutually exclusive. In particular, the preferred features of the. invention are applicable to 
all aspejets of the invention and may be used in any combination. Likewise, features 
desWb^d iri ndri-essential combinations may be used separately (not in corinbi.nation). 

i ft will bis appreciated that many of the features described above, particularly of the 
preferred embodiments, are inventive in their own right and not just as part of an 
embodiment of the present invention. Independent protection may be sought for these 
features Jn addition to or alternative to any Invention presently claimed. 

; The Invention will now be described in more detail by reference to the following 
example^, which are illustrative only and do not limit the scope of the invention. 
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Examples. 

Syntfresi^.of semiconductors 
5 Svhtjtesis.cf 6, 13>brsftrlisopreDvteitylethvnvnD^taQen& - formula B (TIPS) 




formula B (TIPS) 



To a fteme-dried flask fitted with mechanical stirrer, nitrogen Inlet and outlet, condenser 
10 and su&a-seal was added isopropyimagnesium chloride (2M In THF (10 molar equivalents 
bas'ed on 6, 13-pentacenequlnone}), This solution was cooled using a cold-water bath to 
act-as cold trap to absorb any exotherm during the triisoprapylsllyl acetylene addition. 
Triikopjopytellyi acetylene (10.1 molar equivalents based on 6, 13-pentacenequinone) 
wa£ added to the reaction flask drop-wise over 30 minutes followed by the addition of 
15 TH£ {1pml for every "lOrnmol of TIPS acetylene), The cold-water bath was removed and 
then thj& solution was heated at 60 °C for 20 minutes. The flask was then allowed to cool 
to jraorti- temperature. 6. 13-Pentacenequinone (1 molar equivalent) was added to th6 
Grignard reagent and the resulting cloUdy suspension was heated at 60 °C unta the 
reafctlqn was deemed complete according to HPLC, this ittay take up to 3 hours. The 
20 flak< was alldwed to cool to room temperature. A solution of 10% aqueous HCI saturated 
wife tip. CII) chloride was added cautiously to the brown / red reaction solution -until the 
soiutfdrj no longer exotherrned on addition. (It is noted that as the' tin (llj chloride solution 
w^s added, the reaction solution turned from brawn / red to a deep blue colour). The 
' resulting solution was heated at 60 °C for 30' minutes before cooling to room temperature... 
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This crude mixture was worked up using water / DOM drying the organic phase over 
MgfcO, . before- filtering and concentrating under vacuum to give a blue / black solid. 
MlfteWfen by column chromatography (silica gei, 5% DCW in hexahe) followed by 
r^rysfefllifeatibn from acetone yielded the title compound as dark blue plates. 

s i ■ 

Determination of the Fteld Effect Mahilih/ 

The field effect mobility of the materials was tested using the techniques described 
by;Hol|and etal, J. AppL Phys. VoL75. p.7954 (1964). 

in the following examples a test field effect transistor was manufactured by using a 
10 PEN substrate upon which were patterned PtfPd source and drain electrodes by standard 
techniques, e.g. shadow masking, Semiconductor -formulations were made using TJPS 
(fdmiute B above) bJended with an inert binder resin (poly(alpha-methylstyrene)), The 
sdnlcoftductor formulation was dissolved one part into 9S parts of toiuene, and spin 
coated prito the substrate at 500 rpm for 18s, To ensure complete drying the sample was 
IS placed in an oven for 20 minutes at 100 °C. For comparison films of purely TIPS material 
w6fe coated by spin coating. These were then dried In an oven for 20 miri at 100 °C, The 
insulator material (Cytop 107M, Asahf glass) was mixed 3 parts to 2 parts of 
fraftluoi tasolveint (FC75, Acres cat no. 12380) and then spin-coated onto the 
semiconductor giving a thickness typically of approximately i uTn. The sample was pliced" 
20 once faote in an oven at 100 "C to evaporate solvent from the Insulator. A gold gate 
coiitact- was defined over the device channel area by evaporation through a shadow 
mask.. To determine the capacitance of the Insulator layer a number of devices were 
prfepajigd which consisted of a non-patterned Pt/Pd base layer, an Insulator layer 
pr^pai)e;d in the same way as that on the RET device, and a top electrode of known 
25 geSomefry. The capacitance was measured using a hand-held multlrheter, connected to 
the metal either side of toe insulator. Other defining parameters of the transistor are the 
lerigth! of the drain and source electrodes facing each other (K*=30 mm) and their 
distance from each other (L=1 30 urn). 

The voltages applied to the transistor are relative to the potential of the source 
30 electrode. In the case of a p type gate material, when a riegative potential is applied to 
th£ gsite, positive charge carriers (holes) are accumulated In the semiconductor on the 
otner aide of the gate dielectric. (Par an n channel FET, positive voltages are applied). 
This is called the accumulation mode. The capacitance/area of the gate dielectric C, 
amount of the charge thus induced. When a negative potential V M Is 
35 ap'plfeji: to the drain, the accumulated carriers yield *a source-drain current t DS which 
depends primarily on the density of accumulated camera and f Importantly* their mobility in 
the source-drain channel. Geometric- factors such as the drain and Source electrode . 
configuration, site and distance also affect the current Typically a raiige of gate and 
v^to-J^WS*® are scanned during the ^tudy of .the. device. The source-drpjn. current fs 
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de,scri&edby equation 1. 



eq.1 



wHere V 0 is an offset voltage and i a Is an ohmic current independent of the gate voltage 
and Is due to the finite conductivity of the material. The other parameters have been 
described above. 

i For the electrical measurements the transistor sample was mounted in a sample 
holder. Micfoprobe connections were made 1o the gate, drain and source electrodes 
using Kan Stiss PH100 miniature probe-heads. These were linked to a Hewlett-Packard 
41'550 parameter analyser. The drain voltage was set to -20 V and the gate voltage was 
scanned from +20 to -60V and back to +20V in 1 V steps, in accumulation, when 

H\ > Ksl *■* saurcs - dra,rt currerrt varies ltnearly wtth v ° ■ THus Md effect mobill1y 

can oe calculated from the gradient (S) of l M vs. r 0 given by equation z. 



S 



OS 



eq. 2. 



Alt flejd effectjnobilifes quot^ 

otherwise). Where the field effect mobility varied with gate voltage, the value was taken 
a^1ne highest level reached In the regime where fcj>|rj in accumulation mode. The 
Values quoted in table 3 are an average taken over several devices (fabricated on the 
same substrate), the sample size is also quoted in Table 3. An. example of the current- 
vojtege- and mobility-voltage characteristics for example 1 is shewn iri figure 1. The 
toward and reverse scans illustrate ttte low hysteresis of the device. The results show 
the exiilent charge mobility obtained When the pentacene compound Is combined wrth 
mb ; Writer resin at up to 50 % wt, 

Ta'ble 3: results of the formulations tested 
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p-p.M$. a Pol^alpha-msthyistyrene), Aldrich Cat no.~1 9,164-1. 
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Figure 1 ;Cument voltage characteristics of a transistor fabricated using 
semiconductor formulation in example 1 (drain source voltage note drain current has 
b^en Multiplied by -1 to display coirectiy on log scale) 



! 



Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/GB04/004973 
International filing date: 25 November 2004 (25.11.2004) 



Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0407852.3 

Filing date: 07 April 2004 (07.04.2004) 



Date of receipt at the International Bureau: 02 March 2005 (02.03.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant.. 

Defects in the images include but are not limited to the items checked: 

"Of BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

13 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




OTHER: 



